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Abstract: 
Radial p-n nanowire heterojunction devices 
represent a favorable geometry to maximize the 
interfacial area and carrier separation due to the 
built-in field established across the junction. This 
report presents the functional characterization of a 
heterojunction device based on a single coaxial 
n-ZnO/p-Si nanowire that was integrated in a circuit 
by FIB nanolithography to study the electrical 
properties. The photovoltaic and gas sensing 
performances of these single p-n heterojunctions 
were preliminary assessed, showing for the first 
time that the sensing response could be modulated 
by changing the bias current through the device, 
showing a complementary functionality of these 
nanoarchitectured devices; with the maximum gas 
sensing response obtained at low reverse values. 
This working principle could be applied to many 
other one-dimensional p-n junction metal oxide 
nanostructures and used to tailor their gas sensor 
responses. 
Motivation and results 
Metal oxide nanowires are a broad class of 
materials which are gaining a growing interest due to 
their potential in gas sensing, optoelectronics and 
energy applications. Although preliminary studies 
revealed promising outcomes, further research is 
necessary in order to reach complete control on their 
properties. Working into the direction of 
nanowire-based systems, the integration of active 
characteristics in a single nanostructure by 
combinatorial materials architectures is a promising 
approach to develop diodes, transistors or any other 
active element equivalent to those employed in 
standard microelectronics.  
In this work, we report on the prototyping and 
characterization of single coaxial n-ZnO/p-Si 
nanowire heterojunction devices (figure 1), the study 
of their electrical response, and the preliminary 
assessment of their photovoltaic and gas sensing 
properties, which up to date has not been reported, to 
the best of our knowledge, on ZnO-based 
heterojunctions at single nanowire scale.  
Individual n-ZnO/p-Si nanowires were electrically 
contacted by direct Focused-Ion-Beam (FIB)  
(figure 2). Current-voltage (I-V) characteristics of 
n-ZnO/p-Si nanowire devices under dark conditions 
at room temperature exhibited diode characteristics, 
as well as a measurable photovoltaic effect, 
indicative of the formation of p-n junctions in a 
single nanowire (figure 3). To evaluate the 
characteristics parameters of these devices further, 
an equivalent circuit formed from an ideal diode in 
parallel with a standard resistor was used to model 
their responses (eq. 1 and figure 3). 
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The gas sensing characteristics of these 
heterostructures showed that the p-n devices can be 
operated under specific experimental conditions to 
maximize the response to gases.
When the sensitivity (S) was plotted against Ibias, it 
was clearly observed that the optimum working 
condition (highest sensitivity) is found at slightly 
reverse mode (ii) (figures 4, 5). 
Summary 
Single coaxial n-ZnO/p-Si nanowire devices have 
been fabricated using FIB-assisted nanolithography 
technique. Their p-n characteristics evaluated and 
modeled in dark and under illumination showed 
photovoltaic characteristics. Moreover, their use as 
gas sensors was demonstrated, showing that the 
sensing response could be modulated by changing 
the bias current through the device 
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Fig1: Scheme of an n-ZnO//p-Si single nanowire 
device. 
Fig2: n-ZnO/p-Si single NW contacted with Pt by 
FIB lithography. The p-Si core was initially accessed 
by FIB milling. 
Fig 3: I-V curves from an n-ZnO/p-Si nanowire 
measured in dark and light conditions and at room 
temperature. The rectifying responses were fitted to 
the equivalent model shown in the inset (dashed 
line).  
Fig. 4: Response of an n-ZnO/p-Si nanowire to a 
target gas of interest (oxygen): Dynamic response to 
different oxygen pulse concentrations as function of 
the selected bias regime (inset). 
Fig. 5: Response to different oxygen concentrations 
as function of the bias current through the device. A 
maximal response exhibits at -2µA (reverse bias).  
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